Abstract. This paper takes the building in Huizhou district of Guangdong Province as the research object, selecting the building with typical destructive features as samples. First of all, through the comparative analysis of seismic hazard factors of the sample building such as building structure types, building floors and years of construction after structure stress research, Bayesian network of structural vulnerability characteristics analysis of buildings based on Python is constructed and then the fitting prediction is performed. The method solves errors caused by the correlation of the index in the traditional prediction process, combines the prior information and the distribution characteristics of the training samples effectively. Finally, the method is verified via typical characteristic data of Huizhou and it compares with traditional Bayesian earthquake prediction methods, proving the advantages and reliability of the method. Use GIS to image related data.
Introduction
Earthquakes are one of serious natural disasters that threaten people's lives and property. Due to current limited technology, people cannot predict the time and place when an earthquake happens, the damage degree and the risk people suffered under different magnitudes can only be predicted. The single building prediction needs to sample buildings of various types of structure and calculate them one by one. Finally, the vulnerability matrix of all sampled buildings is counted. The workload of on-site investigation is large, which brings great difficulty about of earthquake damage prediction. Group building seismic hazard prediction is the probability in certain degree of damage to a certain type of building in a city or an area under the effect of earthquakes of known intensity or within a certain period of earthquake. Compared with monomer prediction, group building prediction can be simplified and calculated, which has feasibility and reliability. In recent years, new methods for seismic damage prediction based on Bayesian theory have been successively proposed by some scholars. Liang Yan [1] proposed the method to study the Bayesian theory, proving its feasibility for seismic hazard prediction, and made a simple prediction. Li Zhengnong [2] proposed a grey Bayesian method for prediction of structural damages. Liu Zhangjun et al. [3] proposed a seismic damage prediction method based on fuzzy Bayes. These methods mentioned above are semi-empirical and semi-theoretical methods [4] , which are often used in seismic hazard prediction. It combines two methods of statistics and theoretical analysis, and thus makes up for inadequacies of each other, exerts their respective advantages. The prediction result obtained is more theoretically based. However, these methods have defects in certain extent. In the determination of weight coefficient and prior probabilities, there were usually less quantitative data, more qualitative component, which was not convincing. And the impact of the correlation between seismic hazard factors was not considered in predicting seismic hazard. As an uncertainty reasoning method based on probability, Bayesian network has been used in intelligent systems for processing uncertain information, and it is successfully used in medical diagnosis, statistical decision-making and other fields. The above information also provides a theoretical basis to structure Bayesian network for prediction of seismic hazard in buildings.
In view of above insufficiency, the general survey information of buildings of Huizhou, Guangdong Province are used, this paper analyzes seismic hazard factors through acquired data, determines the logical relationship of variables and build Bayesian network. The reliability of the method was verified by using some data of Huizhou and the method was compared with the traditional Bayes to demonstrate its advantages.
The Learning and Reasoning Principle for Bayesian Network

Definition
Bayesian network [5, 6] , which is also named as directed acyclic graphical model, is a probabilistic model. Bayesian network implies conditional independence assumption when given the parent node set of a node, this node is independent for all its non-offspring nodes. Therefore, the joint probability of all nodes of Bayesian network can be expressed as the product of the conditional probabilities of each node. Calculation formula is shown in equation (1).
Structural Learning for Bayesian Network
Bayesian network is one of the most effective theoretical models in the field of uncertain knowledge expression and reasoning. It is composed of variable nodes and directed edges of connecting these nodes. The nodes represent random variables. The directed edges between nodes represent the mutual relationships between nodes (point from the parent node to its child nodes). The conditional probability is used to express the strength of their relationships. The node with no parent node uses the prior probability to express information. Node variables can express any abstract problem. Bayesian network are suitable for expressing and analyzing uncertain and probabilistic events. It is applied to decisions that conditionally depend on multiple control factors and make inferences from incomplete, inaccurate，uncertain knowledge or information. The related probabilities between states should be known when structure the Bayesian network.
When predicting building damages in earthquakes, types of building structure, years of construction, fortification intensity, building floor, construction purpose, and building area need to be investigated firstly; Chen Jianyun [7] used the entropy method of fuzzy mathematics to determine the weight coefficient of years of construction, fortification intensity, construction purpose, types of site, building floor and other factors; Zhang Guixin [8] summarized in the article a total of 14 factors would influence seismic performance of different structural types. Based on seismic statistical data over the years and combined with expert judgement, four major seismic hazard factors, including years of construction, construction purpose, building floor, and current building status were selected as nodes in the Bayesian network when predicting building damages. According to experience and existing statistics, years of construction and construction purpose affect current building status together. In a certain degree, construction purpose has impact on building floor. The destruction of buildings is influenced by current building status when the earthquake strikes. Based on above logical relationship, a Bayesian network for seismic hazard of buildings is constructed, as shown in Figure 1 . There is a functional correlation between node variables connected with directed lines in the graph; node variables connected with no line are defined as conditionally independent. 
Discretize Variable Range of Node Variables
The statistics in this paper are only related to the quantity of variables, independent of specific values, and thus the data is discretized and normalized.
Considering that some old buildings could not meet current seismic design standard, and due to lack of statistical data of construction year, types of structure, and seismic performance of buildings, it is difficult to determine accurate prior probability. Therefore, "years of construction" is divided into four groups. "Construction purpose" and "building floor" draw on the ATC-13 three-level classification method [9] . According to the study of Yin Zhiqian [10] , "destructive state" is divided into five levels to take damages of the building under different seismic intensity into account.
According to the classification, the range of the value of node variables for Bayesian network is shown in Table 1 , the numerical value is described as follows. 
Set the Conditional Probability of Nodes for Bayesian Network
This paper combines sampling building Information of Huizhou to determine the conditional probability of each node. Due to space limitations, the sampling data of brick-concrete structure is selected. Use the state of "building status intact" as an example to illustrate the setting method of conditional probability. Figure 1 shows that parent nodes of "building status" are "construction purpose" and "years of construction". Each of three nodes has multiple state variables. To simplify the statement, the method of quantifying indicators is used, of which "I" represents "construction purpose", "j" represents "years of construction", "k" represents "building status". Each indicator's value would be substituted for numbers. Therefore, the conditional probability table for the node is set as follows. Table 3 . Building status node conditional probability. 
Experimental Verification and Analysis
Sample Selection
There are 8212 buildings that need seismic hazard prediction in the surrounding urban areas of Huizhou City, as shown in Figure 2 . The red area is key buildings and the gray area is general buildings. The proportion of brick-concrete structure is not small, of which 792 buildings' drawings and detailed checklists can be obtained. This paper use 792 brick-concrete buildings as sample data to verify the correctness of Bayesian network, compare and analyze the method with traditional Bayes as well as actual sample data at the same time. 
Verification and Comparison
This paper quantifies indicators of seismic hazard factors, performs statistical analysis based on Python. Bayesian network constructed above is used to predict earthquake damage of 792 brick-concrete structures of Huizhou. Compare with the traditional Bayesian prediction method and actual data. Since constructed network has multiple training processes during the calculation, the author classifies it according to the "destructive state". The final result is as follows (in the figure 3 , the red bar represents Bayesian network, the green bar represents traditional Bayes, and the blue broken line represents the data of Huizhou). Under different intensities, the absolute difference of Bayesian network, traditional Bayes and actual data is as follows. (The former is BN, the latter is traditional Bayes) From the above, the maximum of the absolute error between two methods and actual data are 10.16% and 10.66%. Respectively, the average absolute errors are 4.38% and 4.82%. The learning and reasoning for Bayesian network proposed in this paper has certain applicability to buildings of brick-concrete structure of Huizhou, Guangdong Province. Furthermore, prediction performance is better than traditional Bayesian method due to consider the correlation of seismic hazard factors.
Summary
Based on the characteristics analysis of group building vulnerability through Bayesian network, the variables of each node and their logical relationship are determined. Compared with the assuming independence of seismic hazard factors, Bayesian network is more realistic and provides a new method for forecasting. The prior probability values of each node variable in the Bayesian network should be adjusted and improved for different regional environments to ensure that evaluation results are more scientific and reliable. The method also can reduce economic loss effectively when the earthquake occurs.
However, from the comparative analysis of vulnerability, there is a certain gap between the Bayesian network and actual data. The reasons are as follows: (1) Factors affecting the vulnerability of buildings are not only influenced by years of construction, construction purpose, current building status, building floors, but also related to other seismic hazard factors such as types of site and fortification intensity. However, how other seismic hazard factors affect building vulnerability are not taken into account; (2) The number of data samples of Huizhou used is too small and thus accidental results are exist. Although Bayesian network has its advantages, the training process is more complicated with the increase of nodes. Therefore, how to consider the Bayesian network structure with multiple seismic hazard factors and reduce the computation at the same time will be a further study.
